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Lactobacillus helveticus strain LP27 produced a bacteriocin, lactocin 27, in
dialyzable and nondialyzable forms. No evidence was obtained to indicate that
lactocin 27 was under the control of extrachromosomal plasmids. Lactocin 27
had a bacteriostatic effect on the indicator, Lactobacillus helveticus strain LS18.
It inhibited primarily protein synthesis without affecting deoxyribonucleic acid
and ribonucleic acid synthesis or adenosine 5'-triphosphate levels. Treatment
of susceptible cells with the lactocin did not cause leakage of ultraviolet-absorbing
material, but caused the efflux of potassium ions and the influx of sodium ions. It
adsorbed non-specifically to various bacterial species irrespective of their sus-

ceptibility to lactocin 27. However, the presence of specific receptors has not
been ruled out.

Bacteriocins are antibiotic-like proteinaceous
substances synthesized by certain strains of
bacteria and are active against closely related
species. The colicins produced by Escherichia
coli and other species of Enterobacteriaceae
have been studied extensively (15, 17). The re-
cent studies with colicins (E1, E2, E., and K)
suggest that the colicins manifest their bio-
chemical effect(s) by interacting with their
target directly (1, 2, 3, 4, 16, 18). The specific-
ity of colicins for E. coli and other closely related
species, however, lies at the level of the re-
ceptor (19). Similar in vitro studies have not
been conducted for the bacteriocins from gram-
positive bacteria.

Little is known about the bacteriocins of
lactobacilli. DeKlerk and Smit (8) characterized
a bacteriocin from a heterofermentative Lacto-
bacillus fermenti, but the mode of action was
not studied. We previously characterized lacto-
cin 27 from a homofermentative Lactobacillus
helveticus, strain LP27 (20). The present paper
describes aspects of production and the mode
of action of lactocin 27.

MATERIALS AND METHODS
Media, bacterial strains, isolation, and purifi-

cation of lactocin. Isolation of lactocin 27, assay
of its activity in arbitrary units, and lactocino-
genic- and lactocin-susceptible strains have been
described in a previous paper (20). In the experi-
ments described here, partially purified lactocin
(referred to as lactocin 27) was used rather than
purified lactocin. The latter had an undetermined
amount of bound sodium dodecyl sulphate (SDS).
Portions of lactocin 27 in 0.05 M tris(hydroxy-
methyl)aminomethane-hydrochloride buffer (pH
8.7), containing 1 mg of protein per ml, as deter-

mined by the Lowry method (14), were stored at
-20 C. Once thawed, the solution could be stored in
the refrigerator and used over several weeks without
a significant drop in activity. The various bacterial
suspensions used in this work were made up in sterile
Ringer solution prepared by first dissolving 2.15 g
of NaCl, 0.075 g of KCl, 0.12 g of CaCl2, and 0.5 g of
Na,S20, .5H20 per liter of distilled water, then
diluting fourfold before use.
Permeation of lactocin. A section of thin-wall

dialysis tubing (Union Carbide, Chicago. Ill.) was cut
open to give a flat piece of dialysis membrane (3 by
10 cm), washed with distilled water, and sterilized by
autoclaving. The dialysis membrane was placed asep-
tically on an APT (Difco, Detroit, Mich.) agar plate
containing 0.01% sodium azide. The azide is not
essential but greatly reduces the chances of mold
contamination. Two sterilized cylinders (inner diam-
eter 2 cm) were placed 3 to 4 cm apart over the dialy-
sis membrane. Lactocin 27 (0.1 ml) and an exponen-
tially growing culture of L. helveticus strain LP27
(0.1 ml) were mixed separately with 3 ml of APT soft
agar (APT broth containing 0.75% agar). Two drops
of soft agar containing lactocin 27 and L. helveticus
strain LP27 cells, respectively, were placed inside
the hollow cylinders over the dialysis membrane and
also on the portion of the ATP agar plate not covered
by dialysis membrane (see Fig. 1). The plate was in-
cubated at 37 C for 24 h. The hollow cylinders and
dialysis membranes were aseptically removed. The
plate was then exposed to chloroform and overlayed
with susceptible L. helveticus, strain LS18, as de-
scribed earlier (20) to detect the presence of dialyz-
able inhibitory substance. The specificity of the in-
hibitory substance was confirmed by repeating the
experiment, but using resistant L. helveticus, strain
LP27, and another known resistant isolate of homo-
fermentative lactobacilli (species not identified).
The possible destruction of dialysis membrane by
growing cells of L. helveticus strain LP27 was
tested for by reusing the dialysis membrane and
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spotting lactocin 27 in place of L. helveticus strain
LP27 cells.
Curing of lactocin production. Attempts were

made to cure lactocin production by the methods
previously described (5) with minor modifications.
L. helveticus strain LP27 was grown in APT broth in
10-ml portions in the presence of various concentra-
tions of the following potential curing agents for 18 h:
rifampin (0.01 to 0.075 sg/ml), acridine orange (2
to 10 ug/ml), neutral acriflavin (2 to 20 Ag/ml), and
SDS (100 to 750 ug/ml). The final concentration in
each case was inhibitory to growth. For possible curing
at higher temperature, the LP27 culture was grown
at 42 C. A loopful of cell suspension from the above
treatments was streaked on APT agar plates, which
were later incubated at 37 C for 36 h. Single colonies
(150 to 200) were picked up and stabbed on APT agar
plates (seven colonies per plate) and tested for lacto-
cin production. Evidence of spontaneous loss of lac-
tocin production was sought by testing 400-single-
colony isolates from the untreated culture.
Assay of lactocin activity. Lactocin activity

could be expressed either in arbitrary units (20) or
in inhibitory units (I.U.), which was determined as
follows: L. helveticus strain LS18 was grown to mid-
exponential phase (0.4 absorbancy units at 615 nm).
One milliliter of this culture was transferred to 4
ml of APT broth and incubated at 37 C for 40 min
(zero time = T0), which corresponds to the end of the
lag phase. At T0, 0.1 ml of an appropriate dilution of
lactocin 27 stock solution was added to the 5 ml of
culture and further incubated for 2 h. The concentra-
tion which resulted in a 50% inhibition in culture ab-
sorbancy (615 nm) was defined as 1 I.U. For this
particular culture, this point also corresponds very
closely to a 50% inhibition in colony-forming units
(CFU).

Effect of lactocin on biosynthesis of macromole-
cules. Deoxyribonucleic acid (DNA), ribonucleic
acid (RNA), and protein synthesis in lactocin 27-
susceptible L. helveticus, strain LS 18, were meas-
ured by the incorporation of radioactive precursors
into trichloroacetic acid-precipitable material. Ap-
propriate amounts of [3H ]thymidine (0.5 gCi/ml),
[3Hluridine (0.5 MCi/ml), and [3H]isoleucine (1.0
/Ci/ml) were added to LS18 culture at T-5 min. The
desired amount of lactocin 27 (buffer in case of con-
trol) was added at T, The effects of lactocin 27 were
compared with known inhibitors. At various time
intervals, duplicate 1-ml samples of the culture were
precipitated with cold 10% trichloroacetic acid (final
concentration 5% wt/vol). In the case of [3H ]isoleucine
incorporation, the samples were kept in boiling water
for 20 min to remove labeled isoleucine from transfer
RNA-isoleucine complex. The insoluble material was
collected over glass fiber filters (GF/C Whatman,
England) and washed with approximately 15 ml of
cold 5% trichloroacetic acid. The filters were dried by
exposure to infrared light for 20 min and then trans-
ferred to a vial to which 5 ml of scintillation fluid was
added. The scintillation fluid consisted of 3 g of 2,5-
diphenyloxazole plus 100 mg of 1,4 bis-2-(4-methyl-5
Phenyloxazolyl)-benzene dissolved in 1 liter of tol-

uene. The samples were counted in a Packard scintil-
lation counter model 3775 after allowing 1 h for cold
equilibration. Tritiated thymidine and uridine were
supplied by New England Nuclear (Boston, Mass.)
and isoleucine was supplied by Amersham/Searle
(Arlington Heights, Ill.)
The specific incorporation of [3H ]thymidine into

DNA and [3H luridine into RNA was checked by
dividing the culture into three portions. The first por-
tion was treated with chilled trichloroacetic acid
(final concentration 5% wt/vol) previously described
to act as the control. The second (acid hydrolyzed)
portion was treated with trichloroacetic acid (10%
wt/vol final concentration) but heated to approxi-
mately 100 C for 30 min. The sample was then chilled
and diluted with water to lower the trichloroacetic acid
concentration to 5% before filtration. The third (alkali
hydrolyzed) portion was first treated with NaOH (1
N final concentration) for 6 h at 37 C. An equal volume
of 1 N HCl was added to neutralize excess NaOH and
the sample was chilled. Cold trichloroacetic acid was
added to give a final concentration of 5% before fil-
tration.
Measurement of intracellular adenosine 5'-

triphosphate (ATP). Cells were treated with 8 I.U.
of lactocin 27 (buffer in case of control) at Toe The
ATP levels of the treated and control cells were
determined as follows. Samples (0.1 ml) were re-
moved at intervals and extracted with 0.9 ml of 90%
dimethyl sulfoxide (Mallinckrodt, St. Louis, Mo.) for
2 min. To the extracted sample, 5 ml of morpholino-
propane-NaOH buffer (0.1 M, pH 7.4) was added;
the sample was then stored at -20 C until used. The
preparations were assayed using an ATP-Biometer
(model 760, DuPont Instruments, Wilmington, Del.)
and a buffer-salt tablet and enzyme substrate kit
(DuPont). The instrument was calibrated with a
standard solution of ATP (Sigma Standard, Sigma
Chemical Co., St. Louis, Mo.).

Effect of lactocin on cell membrane. Leakage of
ultraviolet (UV) light-absorbing material and trans-
port of various ions were used as indicators of cell
membrane integrity.
At time T0, the LS18 cells were collected on filters

(pore size 0.45 gm, Millipore Corp., Bedford, Mass.)
and washed with Ringer solution. The cells were then
resuspended in Ringer solution to the original volume
and treated with 8 I.U. of lactocin 27 or buffer (con-
trol) at 37 C. Samples at various time intervals were
filtered and a portion of the 60-min sample was plated
to determine CFU. The absorbance of extracellular
fluid was measured at 260 and 280 nm.
The cobalt, magnesium, manganese, sodium, and

potassium contents of control and treated cells were
measured by neutron activation analysis as follows.
The L. helveticus strain LS18 cells were treated in
APT broth with 8 I.U. of lactocin 27 or buffer (control)
at time T,. Samples (10 ml) were taken periodically,
and filtered immediately using a membrane filter
(0.45-um pore size, Millipore Corp.). The cells were
washed with ice cold isotonic 0.25 M sucrose solution.
The cells were then suspended in 5 ml of doubly dis-
tilled water, a 1-ml sample was withdrawn for dry
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weight determinations, and 4 ml of 2 M H,SO4 was
added to the rest of the cell suspension. The cells in
H,SO, were extracted by heating for 15 min at 100 C.
After cooling, the hydrolysate was clarified by centri-
fugation (8000 x g for 20 min) and a 5-ml sample was
sealed in a pneumatic tube (Wisconsin nuclear re-
actor). The samples were irradiated by neutron acti-
vation for 5 min in the estimation of Co2+', Mn2+, and
Na+ and for 10 min in the case of K+ and Mg2+. After
waiting 2 min, the samples were counted 10 min for
Co2+, Mn2+, and Na+ and 15 min for K+ and
Mg2+ in a Lithium Drifted Germanium detector
(Nuclear Diodes, Prairie View, Ill.). In each case,
atomic adsorption standards of Fisher Chemical Co.
(Fair Lawn, N.J.) were used. The pneumatic tubes
were not handled by bare hands and plastic ware was
used to prepare all samples.

Adsorption of lactocin 27. For adsorption studies
L. helveticus strain LS18 (susceptible strain) and the
following gram-positive organisms, which are resistant
to lactocin 27, were used: Bacillus cereus, B. mega-
terium, B. polymyxa, Micrococcus flavus, M. freud-
enreichii, Sarcina lutea, Streptococcus lactis, S.
faecium, S. equisimilis, Staphylococcus aureus, and
L. helveticus strain LP27 (lactocinogenic strain). In
addition, gram-negative E. coli was used. Except for
lactobacilli, the microorganisms were grown on
nutrient agar plates at 37 C ovemight. The cells were
harvested, washed, and resuspended in Ringer solu-
tion (0.5 absorbancy units at 415 nm). L. helveticus
LS18 was used to determine the maximum concentra-
tion of lactocin 27 which could be used in the adsorp-
tion experiments and still get complete adsorption,
i.e., lack of any detectable bacteriocin activity in the
culture filtrate. The same concentration of lactocin
27 was used for all other cultures, allowing the ad-
sorption to proceed for 15 min at 37 C. The suspension
was then filtered (Millipore Corp., 0.45-Mm pore size)
and lactocin activity of the filtrate was determined
in arbitrary units as described previously (20). A solu-
tion of lactocin, without the bacteria, was heated,
filtered, and assayed again as a control.

RESULTS
Diffusibility of lactocin. Lactocin, when

isolated from the culture supernatant, was a
nondialyzable, large-molecular-weight lipo-
protein-carbohydrate complex, which could
subsequently be dissociated by SDS into small-
molecular-weight entities. The active moiety
is believed to be a glycoprotein, molecular
weight 12,400 (20). When L. helveticus strain
LP27 was grown over the thin-wall dialysis
membrane, the inhibitory activity could diffuse
readily into the agar below without destroying
the dialysis membrane (Fig. 1).

Effect of potential curing agent on lactocin
production. The spontaneous loss of lactocin
production from a freshly transferred culture
of L. helveticus strain LP27 was less than 1%.
We did note, however, that storage of dilute

FIG. 1. Permeability of the bacteriocin from L.
helveticus LP 27. (Top) Celts of strain LP27 were
placed on spots A and B, and lactocin 27 on spots
C and D. The arrows indicate the margins of the thin
dialysis membrane. (Bottom) Growth of susceptible
L. helveticus strain LS18 on the above plate after
removal of the cylinders and dialysis membrane and
seeding of the plate. Dialyzable lactocin as shown on
spot A (clear zone) and nondialyzable lactocin on spot
C (absence of clear zone). Spots B and D show the
inhibitory activity of L. helveticus strain LP27 cells
and isolated lactocin 27.

broth cultures at -20 C for approximately 1
year decreased the proportion of CFU able to
produce bacteriocin by approximately 50%.
For this experiment, the frozen cultures were
thawed and incubated for 18 h at 37 C. A loopful
of broth was streaked on APT agar and, after
incubation for 36 h, individual colonies were
tested for lactocin production as previously de-
scribed.

L. helveticus strain LP27 was grown in the
presence of SDS, rifampin, ethidium bromide,
acridine orange, and neutral acriflavin and also
at higher temperature (42 C). Every isolated
colony tested in this fashion retained its ability
to produce lactocin. Thus, the lactocin produc-
tion could not be cured by these treatments.
Inhibitory effect of lactocin 27. L. helveticus

strain LS18 overlayed on a spot of lactocin 27
on a APT agar plate showed a clear zone upon
ovemight incubation. The zone of clearance used
to express lactocin 27 activity in terms of arbi-
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trary units (20) does not distinguish between
possible bacteriostatic and bactericidal actions
of lactocin 27.
The absorbancy (615 nm) of a broth culture of

L. helveticus strain LS18 treated with different
concentrations of lactocin 27 for 2 h showed an
inverse relationship with lactocin concentration
(Fig. 2). The concentration which resulted in a
50% inhibition in absorbance was defined as 1
I.U. as previously explained. The growth curve
in the presence of lactocin 27 (Fig. 3) showed
a sharp drop in CFU with 4 and 8 I.U. of lacto-
cin. After a lag of 15 to 20 min, there appeared
to be some recovery in CFU and, after 60 min,
the counts maintained a constant level. The
absorbancy is substantially less than the con-
trol, although there is some increase even with
8 I.U. of lactocin 27. Microscopically, the cells
treated with lactocin (8 I.U.) appeared normal
and retained their gram-positive character.
There was no sign of clumping of either cells
or short chains. Treated cells when diluted
into fresh broth grew normally, i.e., CFU and
optical density increased at the normal rate,
and a second exposure of these cells to 8 I.U.
of lactocin 27 resulted in an inhibitory curve
similar to Fig. 3 (data not shown).
Effect of lactocin 27 on macromolecular

synthesis. Treatment of L. helveticus strain
LS18 cells with lactocin 27 resulted in inhibition
of the incorporation of [3H lisoleucine (Fig. 4).

O .01 0.1 1.O 10 20
CONCENTRATION Spq OF PROTEIN/ml)

FIG. 2. Effect of different concentrations of lac-
tocin 27 on L. helveticus strain LS18. An inverse
relationship was observed between lactocin concen-

tration and absorbance. A 50% inhibition in absorb-
ance was defined as 1 LU. For this organism this
amounts to half the difference between the initial
(0.13) and final (0.62) absorbance of the control cul-
ture without lactocin, i.e., 0.375 (arrow), which is
achieved by the addition of approximately 0.15 yg of
protein/ml to the treated culture. For this particular
culture this point also corresponds to roughly 50%
inhibition of CFU.
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FIG. 3. Effects of 1, 4, and 8 l.U. of lactocin 27 on
growth and colony-forming ability of L. helveticus
strain LS18. Lactocin and buffer (in case of control)
were added at T. (indicated by arrows). Upper series
of curves represent CFU, bottom series represent
absorbancy (615 nm).

There was no immediate effect on the incor-
poration of [3H thymidine or [3HJuridine, but
some decrease was noted after 30 to 40 min
(Fig. 5 and 6). The effect at later stages seems
secondary to inhibition of protein synthesis.
The nonspecific incorporation of [3H ]thymidine
and [-HIuridine in macromolecules other than
DNA and RNA was ruled out by comparing the
counts of trichloroacetic acid-insoluble material
before and after alkali and acid hydrolysis
(Table 1 and 2).
ATP level. The ATP level was determined

as previously described. The ATP content of
control and lactocin 27-treated cells of L.
helveticus strain LS18 did not differ signifi-
cantly over a 60-min period.
Effect of lactocin 27 on cell membrane

permeability. The effect of lactocin on the
integrity of cell membrane was measured using
two parameters. Treatment of L. helveticus
strain LS18 cells with lactocin did not cause
leakage of UV-absorbing material measured at
260 and 280 nm.
The sodium, potassium, cobalt, magnesium,

and manganese content of control and lactocin
27 treated cells of L. helveticus strain LS18
was determined by neutron activation analysis.
The bacteriocin did not affect divalent ions;
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TIME (MIN)
FIG. 4. Effect of lactocin 27 on incorporation of

[3H]thymidine. Buffer was used in case of control
and novobiocin (80 t.g/ml), a known inhibitor ofDNA
synthesis, was used for comparison. The unexpected
incorporation of [3H]thymidine (0.5 uCi/mI) in the
presence of novobiocin might be attributed to the
acidic pH which could cause the novobiocin to be-
come insoluble. Naladixic acid and mitomycin C were
not inhibitory. [3H]thymidine (0.5 MCi/ml) was added
at T-5 min and lactocin (or buffer or novobiocin) was
added at To (indicated by arrow).

however it caused leakage of potassium ions and
an initial influx of sodium ions (Fig. 7).
Adsorption of lactocin. The adsorption of

lactocin 27 to L. helveticus strain LS18 could
be shown only if the final concentration of lac-
tocin 27 was 2 I.U. or less. At this concentration
(2 I.U.), however, lactocin 27 adsorbed to all
the microorganisms tested and thus showed no
specificity.

DISCUSSION
Lactocin 27, when isolated from a broth cul-

ture of L. helveticus strain LP27, was obtained
as a non-dialyzable, large-molecular-weight
complex (20). However, when L. helveticus
strain LP27 cells are grown over a thin dialysis
membrane on agar. at least a portion of the in-
hibitor diffuses into the agar below (Fig. 1). It
is possible that in broth culture the lactocin is
first produced as a small-molecular-weight

41Ua-
U~~~~~~~~~L

z

I _j < ~~~RIFAMPICIN3

102
-D 0 20 40 60 80

TIME (MIN)

FIG. 5. Effect of lactocin 27 on incorporation of
[3H]uridine. Buffer was used in case of control and
rifampin (20 .ug/ml), a known inhibitor of RNA syn-
thesis, was used for comparison. [3HJuridine (0.5
sCi/ml) was added at T-5 min and lactocin (or buffer
or rifampin) was added at T0 (indicated by arrow).

TIME (MIN)

FIG. 6. Effect of lactocin 27 on incorporation of
[3H]isoleucine. Buffer was used in case of control
and erythromycin (80 Mtg/mI), a known protein syn-
thesis inhibitor, was used for comparison. [(Hliso-
leucine (1 MCi/mI) was added at T-5 min and lactocin
(or buffer or erythromycin) was added at T. (indicated
by arrow).
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TABLE 1. Tests for the specific incorporation of [3HJthymidine into DNAa

Control Acid hydrolyzed Alkali hydrolyzed
Determinants

30 min 60 min 30 min 60 min 30 min 60 min

Buffer only 12,632 33,006 313 416 12,319 31,974
Lactocin (1 I.U.) 11,249 30,136 356 392 10,237 29,826
Lactocin (4I.U.) 9,987 27,301 364 387 9,286 27,427
Lactocin (8 I.U.) 9,784 21,678 401 396 9,352 20,214
Novobiocin (80 /tg/ml) 6,238 10,927 298 319 5,986 10,524

a Results shown in counts per minute.

TABLE 2. Tests for the specific incorporation of [3H]uridine into RNAa

Control Acid hydrolyzed Alkali hydrolyzed
Determinants

30 min 60 min 30 min 60 min 30 min 60 min

Buffer only 8,138 21,990 7,984 20,932 136 139
Lactocin (1 I.U.) 6,241 14,235 5,984 13,966 152 160
Lactocin (4 I.U.) 5,137 11,188 4,893 10,412 184 178
Lactocin (8 I.U.) 4,426 6,903 4,387 6,799 167 158
Rifampin (20gg/ml) 461 487 427 418 92 94

a Results shown in counts per minute.
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FIG. 7. Effect of lactocin 27 on intracellular
sodium and potassium of L. helveticus strain LS18.
Lactocin (buffer in case of control) was added at

T0, (indicated by arrows).

entity and then conjugates with other cell

components, resulting in a large-molecular-

weight complex. A similar situation has also

been reported in the case of staphylococcin 462

(10) and colicins, which exist as small-molec-
ular-weight, simple proteins and large-molec-
ular-weight lipoprotein-carbohydrate complexes
(17). Unlike colicins however, the lactocin
production could not be induced by UV light
or mitomycin C (20).

In the freshly subcultured L. helveticus strain
LP27, the loss of lactocin production was neg-

ligible. On a prolonged storage for approxi-
mately 1 year, roughly 50% of the CFU lost

their ability to produce lactocin. Jetten and
Vogels (13) made a systematic time study of
the spontaneous loss of staphylococcin pro-
duction in three strains of Staphylococcus
aureus and detected the spontaneous loss
(>80%) of staphylococcin production in two
strains within 1 year's time. Loss of lactocin
production through storage of cultures has not
been studied systematically. The treatment by
potential curing agents and also the growth at
42 C did not cure lactocin production. These
treatments however cured the staphylococcin
production (5, 13). These findings suggest that
the lactocin production is not controlled by an
extrachromosomal plasmid. Because of our lack
of knowledge of genetic markers and transduc-
tion phages in lactobacilli, this point could not
be confirmed at present.
The gross effects of lactocin 27 on L. helvet-

icus strain LS18 are not fully understood, but
seem likely to represent stasis rather than kill-
ing. As shown in Fig. 2, sufficient lactocin (10
I.U. or more) inhibits CFU almost completely,
presumably because sufficient lactocin is pres-
ent with or on the cells, even after the usual
dilution, to inhibit growth. With lesser amounts,
4 and 8 I.U. (Fig. 3), there is an abrupt drop in
CFU followed by a partial recovery which re-
mains unexplained. With 8 I.U. there is no
increase in CFU during the second hour and
only a slight increase in absorbance which may
be due to extracellular products rather than an
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increase in cells. Thus, it appears the cells are
prevented from growth while in contact with
the bacteriocin. Treated cells when diluted into
fresh broth without lactocin 27 behave normally,
with both CFU and absorbance increasing at
the rate of untreated cells. These cells, if
treated with lactocin 27, behave like the parent
culture and thus do not represent unsusceptible
cells.
The view that lactocin is primarily bacterio-

static is entirely consistent with the findings of
the study on macromolecular synthesis. Protein
synthesis was slowed almost immediately, ap-
parently without interferring with DNA and
RNA synthesis. The inhibition was independent
of energy metabolism as ATP synthesis was
not inhibited. Lactocin 27 did not damage the
cell membrane in a generalized way, as UV-
absorbing materials were not released. However,
it caused a leakage of potassium ions and an
influx of sodium ions. Thus, the biochemical
effect(s) of lactocin 27 are somewhat similar
to cloacin DF13 (7), except for the inhibition
of ATP synthesis. It should be remembered,
however, that in homofermentative lactobacilli,
the ATP is generated solely by substrate level
phosphorylation, as opposed to Enterobacter
cloaceae where oxidative phosphorylation is
the predominant source of ATP.
The adsorption of lactocin 27 could only be

demonstrated at a maximum of 2 I.U. Certain
other bacteriocins must also be used in low
concentrations if adsorption is to be demon-
strated (6, 11). At this concentration, however,
lactocin 27 adsorbs non-specifically to various
microorganisms irrespective of their suscepti-
bility. The nonspecific adsorption, although
uncommon for most bacteriocins, has also been
shown in case of staphylococcin 414 (9) and
staphylococcin 1580 (12). For lactocin 27, the
non-specificity of adsorption might be attrib-
uted to the presence of lipid and carbohydrate.
Therefore, the presence of specific receptors
on the susceptible L. helveticus strain LS18
cells cannot be ruled out at present. The loss
of potassium ions due to lactocin 27 treatment
suggests that it acts on the cell membrane. It
is possible that like colicin E, and cloacin DF13,
the lactocin 27 may penetrate to the level of its
biochemical target(s). The question of specific
adsorption might be answered if it were possible
to isolate lactocin 27 as unconjugated protein
free of SDS.
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